Eastern teaberry (Gaultheria procumbens L.) is known for its high content of essential oils in leaves and fruits, which are used in the pharmaceutical, food and cosmetics industries. Recently, teaberries have been attracting more interest owing to their content of polyphenolic compounds. The purpose of our study has been to determine the content of polyphenolic compounds (anthocyanins and total phenols) as well as their antioxidative activity and the concentration of several bioelements (Ca, Mg, Fe and Zn) in extracts from fruits of Eastern teaberry harvested in three different fruit maturity stages. The content of polyphenolic compounds depended on the harvest date. The highest level of these compounds was found in extracts from teaberries collected in the full maturity phase. All teaberry extracts, independently of the harvest date, demonstrated high antioxidative activity. Among the bioelements determined, teaberry extracts contained more calcium than magnesium and more iron than zinc. The content of such bioelements as Mg, Fe and Zn (in contrast to Ca) found in teaberry extracts did not depend on the harvest date.
INTRODUCTION
Ornamental cover plants, increasingly more common in gardens, parks and greens, have been drawing more and more attention in the recent years (ALEKSANDROVA 1981 , MAROSZ et al. 2000 , WAZBIÑSKA 2000 , ZARAOE et al. 2000 . Eastern teaberry, also known as checkerberry, boxberry or American wintergreen (Gaultheira procumbens L.), is one of such plants. It is low, evergreen shrub with creeping shoots. In July and August it is in bloom, producing white or pink bell-shaped flowers (FRAZIK 1991) . Round, glistening pink, bag-shaped fruits, 8-15 mm in diameter, remain on the plant until spring the following year (CZEKALSKI 2006) . Fruits and leaves of Eastern Teaberry contain essential oils, which have a medicinal use in treatment of skin and throat inflammation. In the United States, these oils are used in the food (to make chewing gums and sweets), cosmetics and pharmaceutical industries. This plant is very popular in Central and South Americas, where it is known as teaberry and used to make aromatic infusion (CLARC 1999 , HUFF-MAN et al. 1994 , RIBNICKY et al. 2003 , SENETA, DOLATOWSKI 1997 . Fruits of Eastern teaberry, owing to their content of polyphenols (catechins, quercetins), have antixodative properties (ACUNA et al. 2002 , MA et al. 2001 .
The principal aim of the research has been to determine the content of polyphenolic compounds (anthocyanins and total phenols), their antioxidative activity and the concentration of bioelements (Ca, Mg, Fe and Zn) in extracts from Eastern teaberry fruits harvested on three different dates. In ′ addition, correlation between the total phenolic content and the level of anthocyanins as well as the correlation between the content of polyphenols and antioxidative activity in extracts from Eastern teaberry fruits were established.
MATERIAL AND METHODS
The material consisted of fruits of Eastern teaberry (Gaultheria procumbens L.) collected in three different time periods (1 March 2007) . Samples of Eastern teaberry fruits weighing 5 g each were prepared and stored frozen until analysis.
After defrosting, the fruits were subjected to liquid-solid extraction, for which citric acid of pH 2 was used as a solvent. The extracts were prepurified by filtering through Whatman No 1 filter paper. The content of total phenols in raw extracts was determined according to FOLIN-CIOCALTEAU procedure, and expressed in terms of gallic acid (SINGLETON et al. 1999) . The content of anthocyanins in the extracts (re-calculated as cyanidin 3-glucoside) was determined according to the methods designed by NIKETIAE-ALEKSIAE, HRAZDINA (1972) (method H) and WROLSTAD (1976) (method W). Antioxidative activity was established with an aid of the method suggested by YEN, HUNG (2000) , which consisted of the determination of scavenging synthetic DPPH• (1,1-diphenyl-2-picrylhydrazyl) radicals in extracts from Eastern Teaberry fruits. The results were cited as inhibition percentages.
Extracts from Eastern teaberry fruits were mineralized in the so-called Teflon bomb using microwave energy. For this purpose, 1 cm 3 of each extract and 2 cm 3 of concentrated nitric acid (HNO 3 ) were used. After the mineralization, the extracts were transferred quantitatively to measuring flasks, which were filled to the full capacity with deionized water. The content of bioelements was determined using atomic absorption spectrometry (AAS) with a Unicam 939 device.
All the reagents for the above determinations were of analytical purity. The results of the chemical analyses, with three replications, underwent statistical processing for one-factor experiments, using Duncan's test at α = 0.05.
RESULTS AND DISCUSSION
Our comparison of the content of total phenolic compounds in extracts from Eastern teaberry fruits harvested in three different times periods revealed statistically significant differences (Table 1 ). The content of total phe-nols in Eastern teaberry fruit extracts was the highest on the 2 nd harvest date and the lowest -on the 3 rd one. Similar dependence could be observed regarding the concentration of anthocyanins in Eastern teaberry fruit extracts. Irrespective of the determination method applied, the content of anthocyanins was the highest in extracts from Eastern teaberry fruits harvested on the 2 nd and the lowest -on the last, 3 rd harvest date. The content of phenols other that anthocyanins in the extracts was correlated with the total phenolic concentration and the content of anthocyanins. Likewise, it was the highest for extracts from fruits collected on the 2 nd harvest date and the lowest -for the 3 rd one.
Fruits of Eastern teaberry collected on the 2 nd harvest day had reached full maturity, which is why extracts obtained from these fruits contained the highest levels of total phenols and anthocyanins. Similar results were reached while examining fruits of black mulberry (PLISZKA et al. 2007) .
A close relationship has been found in the current study between the content of total phenols and anthocyanins in fruit extracts. Positive correlation was determined between the total phenolic content and anthocyanins in extracts from Eastern teaberry determined with the different methods. High correlation was obtained for the extracts obtained by method W (R 2 = 0.871), whereas the correlation for the extracts produced by method H was nearly two-fold smaller (R 2 = 0.474).
The content of polyphenolic compounds depends on many factors, such as: species of fruit, environmental conditions, agronomic treatments and fruit maturity (ASAMI et al. 2003 , KALT et al. 2001 , WAZBIÑSKA et al. 2006 . Collecting Eastern teaberries on different dates, the ripeness phase was taken into consideration. On the 2 nd harvest date the maturity of the fruits was optimum, therefore the extracts contained the highest levels of polyphenols (total polyphenols and anthocyanins). (%) in Gaultheria procumbens extract fruits Similar dependences were confirmed for black mulberries (Morus nigra) harvested in full maturity, in which the content of polyphenols was also the highest (PLISZKA et al. 2007 ). The concentration of polyphenols in fruits depends on a plant species. However, it needs to be mentioned that extracts from Eastern teaberries contain more total phenols and less anthocyanins than extracts from black mulberries, which have more anthocyanins than total phenols (PLISZKA et al. 2007 ).
Our analysis of polyphenolic compounds has demonstrated that extracts from Eastern teaberries were characterised by high antioxidative activity (from 85.58 to 89.28%), which did not depend on the fruit maturity (Table  1) . Likewise, antioxidative properties of polyphenolic compounds in black mulberries were not dependent on a harvest date (PLISZKA et al. 2007 ). Polyphenolic compounds in extracts from black elberberries, tested in another study, possessed very high antioxidative properties (82 to 89%), in which they were similar to Eastern teaberries (PLISZKA et al. 2005) .
Another question examined in the present study has been the relationship between the content of anthocyanins and total phenols versus their antioxidative activity in extracts from Eastern teaberries. Very strong correlation was found between the content of anthocyanins and their total antioxidative activity in extracts from Eastern teaberries obtained with H method (R 2 = 0.761). In contrast, the correlation between the total phenols and antioxidative activity was very low for extracts obtained from Eastern teaberry fruits with method W (R 2 = 0.436). KAUR, KAPOR (2002) as well as KÄHKÖNEN et al. (2001) have shown that the effect produced by polyphenolic compounds in fruit extracts on their antioxidative activity is varied (R 2 from 0.3 to 0.9). In turn, HASSIMOTO et al. (2005) claim that there is no correlation whatsoever between the content of total phenols or the content of vitamin C and antioxidative activity of extracts, thus suggesting that antioxidative properties are a product of a combination of various compounds which produce synergistic or antagonistic effects.
The antioxidative activity of polyphenols is shaped by several factors, including the species and composition of fruits, the chemical structure of phenolic compounds or the extraction method used (PLISZKA et al. 2003 , RICE-EVANS et al. 1996 , ZHENG, WANG 2003 .
The extracts we obtained from the Eastern teaberry were subjected to chemical analyses to determine the content of some macroelements (Ca, Mg) and microelements (Zn, Fe), which are essential for human health (WIELEBA, PASTERNAK 2001) .
The determinations of Mg, Fe and Zn did not reveal any statistically significant differences between their contents in the extracts of Eastern teaberry harvested on the consecutive dates ( Table 2) . As for calcium, significant differences were found between the levels of this macroelement in the extracts from Teaberries and the harvest date. The highest content of calcium was determined in the extracts from Teaberries collected on the 2 nd harvest day. On the other two harvest dates, the concentrations of calcium were similar and lower than on the 2 nd date.
Irrespective of the harvest date, the teaberry extracts contained more calcium than magnesium and more iron than zinc.
CONCLUSIONS
1. The content of polyphenolic compounds (total phenols, anthocyanins) in extracts from the Eastern teaberry fruits depended on the fruit harvest date. The highest content of polyphenols occurred in extracts from teaberries harvested in the full maturity phase.
2. Irrespective of the harvest date, extracts produced from Eastern teaberry fruits were characterised by very high antioxidative activity.
3. Teaberry extracts contained more calcium than magnesium and more iron than zinc.
4. The content of such bioelements as Mg, Fe or Zn (unlike Ca) in teaberry extracts did not depend on the harvest date. 
